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concentrations approximating their physiologic concentration in cartilage.
As well, there is a differential inhibition of organic phosphatase, pyrophos-
phate hydrolase, and CPPD crystal dissolution activity by these amino
acids. In OA, there is a potential for bone ALP to be down regulated by
increasing the concentration of inhibiting amino acids or their analogues.
In CPPD, sequestration of inhibitory amino acids may permit sufﬁcient
ALP activity to facilitate CPPD crystal dissolution.
204 ESE-1 REGULATES BASAL EXPRESSION OF MMP-13 IN
CHONDROCYTES
M. Otero, K. Tsuchimochi, C. Dragomir, M.B. Goldring. Hospital for
Special Surgery, New York, NY, USA
Purpose: Among the matrix metalloproteinases (MMPs), MMP-13 plays
a major role in osteoarthritis (OA) due to its-rate limiting role in the
collagen degradation. MMP-13 expression is regulated by a variety of
transcription factors, including members of the ETS family such as ETS-2
and Elk-1, but the precise transcriptional mechanism is not completely
understood. ESE-1 is expressed in non-epithelial tissues after treatment
with inﬂammatory cytokines and we reported recently that ESE-1 re-
presses the type II collagen gene (COL2A1) in human chondrocytes.
These observations suggest a fundamental role of ESE-1 in cartilage
degeneration and suppression of repair. The aim of this study was to
determine whether ESE-1 participates in the MMP-13 transcriptional
regulation in chondrocytes.
Methods: The binding of in vitro-translated ESE-1 to the MMP-13 pro-
moter was analyzed by electrophoretic mobility shift assay (EMSA) and
supershift analysis. For knockdown of ESE-1 expression, the human
chondrocytic C-28/I2 cells were transfected with a pool of four individual
siRNA oligonucleotides against ESE-1 or control nonspeciﬁc siRNA. After
incubation for 72 hours, the knockdown was conﬁrmed by real time PCR
and Western blotting, and MMP-13 mRNA was analyzed by real time
PCR. MMP-13 protein in Ese1 (Elf3)-deﬁcient mice was addressed by
immunohistochemical staining.
Results: Three highly conserved ETS binding sites were revealed in
the proximal region of the MMP-13 promoter. By EMSA and supershift
analysis, we detected speciﬁc binding of ESE-1 to all three sites in the
proximal MMP-13 promoter, with stronger binding to the site containing
2 tandem ETS sites. These results suggested that ESE-1 could be
regulating the MMP-13 promoter activity. By using speciﬁc siRNA oligos,
we knocked down the ESE-1 expression in C28/I2 cells. Real time PCR
analysis revealed lower MMP-13 basal expression associated with ESE-1
knockdown. This result suggests that ESE-1 is necessary for maintaining
the MMP-13 basal expression levels. Finally, the immunohistochemical
analysis of the Elf3-deﬁcient mouse cartilage revealed low or unde-
tectable MMP-13 protein levels in comparison with age-matched wild type
cartilage samples, although type II collagen staining was similar with no
evidence of proteoglycan loss.
Conclusions: Our previous results highlighted ESE-1 as an important
transcriptional regulator of cartilage degenerative processes. After induc-
tion, ESE-1 transactivates both NOS2 and COX2 promoters by interacting
with NFúB. In addition, we showed recently that ESE-1 represses the
COL2A1 in human chondrocytes and that ESE-1 immunostaining is high
in human OA cartilage, whereas it is not present or undetectable in
control cartilage. In this work we show that ESE-1 binds directly to the
MMP-13 proximal promoter region and that knocking down the ESE-1
expression leads to decreased MMP-13 basal expression levels. These
results suggest that, among others, ESE-1 is a key factor for maintaining
the MMP-13 basal expression. Moreover, our ﬁnding that MMP-13 protein
levels are decreased or absent in the cartilage of Elf3-deﬁcient mice
further reinforces the role of the ESE-1 in maintaining MMP-13 basal
expression. However, the lack of evidence of collagen degradation in
wild type samples indicates that activation of the proenzyme requires
additional stimuli. Altogether, our results suggest a fundamental role for
ESE-1 in controlling MMP-13 gene expression in chondrocytes. Further
work will be required to determine its role in progressive cartilage loss
during OA.
205 X-RAY MICROSCOPY OF JOINTS: SUBCHONDRAL BONE
MINERAL STRUCTURE IN OSTEOARTHRITIS
K. Pritzker, F. Las Heras, M. Reid. Mount Sinai Hospital, Toronto, ON,
CANADA
Purpose: Increased subchondral bone thickness, altered bone mineral
density distribution, and trabecular microfractures are characteristic mor-
phologic features of osteoarthritis. However on the microscopic scale,
(mm), the bone mineralization patterns remain to be elucidated. To
develop a better understanding of subchondral bone mineralization in
osteoarthritis and to explore the utility of high voltage, high resolution
x-ray microscopy in resolving bone structure, we studied the articular
bone plate and subchondral bone trabeculae in ten cases of osteoarthritis
using CPPD crystal deposition disease and osteoporosis cases as control
tissues.
Methods: Five mm coronal blocks were taken from the femoral condyles
at cross sections where osteoarthritis was maximal and where articular
cartilage was still present. These blocks were adjacent to blocks taken
for routine diagnostic analysis. The formalin-ﬁxed blocks were studied
using a Comet Feinfocus 160.25 x-ray microscopy system (focal spot
<1mm). For this study, magniﬁcation was set at the highest practical level
to obtain clear images, projection magniﬁcation = 28×. X-ray exposures
were optimized to characterize the bone mineral structure (80 kV, 45 uA).
Magniﬁcation was calibrated using a copper electron microscope grid
diameter = 3mm, with grid line width = 35 mm.
Results: Samples clearly showed resolution of features less than 10 mm
in width and demonstrated different mineralization density within bone
structures. Figure 1 shows a sample range of the initial morphologic
observations. The osteoporosis control, Fig. 1.3 shows subchondral bone
with similar density to that of the bone trabeculae (bars) as well as ex-
tensive but focal, trabecular microfractures with increased mineralization
(arrow). Samples from osteoarthritis patients, Fig. 1.2 and 1.3, demon-
strated increased bone mineral density within the subchondral plate.
However, Fig. 1.3 showed extensive trabecular microfractures with highly
mineralized density compared to normal trabeculae whereas Fig. 1.2
did not. In Fig. 1.4 from the calcium pyrophosphate crystal deposition
disease, the image shows a morphologic pattern more closely resembling
osteoporosis Fig. 1.3 than osteoarthritis.
Conclusions: These studies show that X-ray microscopy is a promising
tool to delineate subsets of subchondral bone response in osteoarthritis.
The observations conﬁrm that subchondral osteosclerosis in osteoarthritis
is related to increased bone mineral density of the subchondral bone plate
irrespective of bone thickness. However, trabecular microfractures with
increased mineralization density occurs only in a portion of patients with
osteoarthritis. This indicates that the subchondral bone trabecular struc-
ture and mineralization distribution in osteoarthritis is heterogeneous.
Most likely, this reﬂects different types of osteoarthritis with differential
bone mineralization response, rather than different stages of the disease.
Figure 1.
206 CHONDROCYTE TELOMERE LENGTH DECREASES AS
THE LEVEL OF CARTILAGE DEGENERATION IN HUMAN
OSTEOATHRITIC KNEES INCREASES
M. Harbo1, L. Bendix1, A-C.B. Jensen2, J. Graakjaer1, K. Soee2,
S. Koelvraa1, J-M. Delaisse2. 1Vejle Hospital, Dept. of Clinical Genetics,
Vejle, DENMARK, 2Vejle Hospital, Dept. of Clinical Cell Biology, Vejle,
DENMARK
Purpose: Research in osteoarthritis (OA) has in recent years suggested a
relationship between chondrocyte telomere length and severity of OA. We
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wanted to further investigate this relationship in situ on articular cartilage
from patients with knee OA by measuring the telomere length in chondro-
cytes from deﬁned areas of the tibia plateau. Other groups before us have
measured the mean telomere length in OA cartilage but a large body of
evidence now suggests that it is the shortest telomeres in the cell that –
when they becomes critically short – activates the cellular surveillance
systems and send the cell into senescence. Therefore it seems evident
that the mean telomere length is a less reliable measure when telomere-
associated senescence is imminent. Therefore we instead measured the
shortest telomeres in the cartilage and compared the degree of shortness
to the severity of OA. For that purpose we used a modiﬁed version
of the STELA method, which measures the 15−30 shortest telomeres
present in a DNA sample. By correlating the results with the degree
of cartilage degradation established through histopathological scoring of
parallel sections, we have obtained paired data that provides us with a
tool to compare the chondrocyte telomere length with the severity of OA
in different regions of the cartilage.
Methods: Human articular cartilage was obtained from OA patients
undergoing total knee replacement surgery. Cartilage samples from de-
ﬁned areas of the tibia plateau were collected and tissue sections for
histopathological grading were prepared. STELA – a PCR based method
for measuring telomere length – was performed on DNA isolated from
corresponding areas of the cartilage. The telomeres were detected with
southern blotting and the fraction of shortest telomeres was calculated.
Grading of parallel sections for severity of OA was done with Mankin
Histologic/Histochemical Grading System.
Results: The results show a signiﬁcant correlation between OA severity
and the fraction of short chondrocyte telomere lengths. The fraction of
short telomeres increases as the level of cartilage degeneration increases
closer to OA lesion sites.
Conclusions:We have conﬁrmed a relationship between short telomeres
and severity of OA by ﬁnding a signiﬁcant correlation between the fraction
of short telomeres and the histopathological score for OA. This study thus
lays the ground for further work aiming at investigating the role of telomere
shortening in the development of OA.
207 THE TIDEMARK OF CARTILAGE: A DEPOT FOR APOPTOTIC
DEBRIS? A TARGET FOR AUTOIMMUNE DISEASE?
K. Johnston, P.A. Simkin. University of Washington, Seattle, WA, USA
Purpose: The tidemark of adult articular cartilage lies at the interface
between its deep, calciﬁed and uncalciﬁed zones. Previous authors have
found that this narrow trilaminar band is recognized by a diverse array
of staining techniques, but none have offered a plausible mechanism for
its histologic promiscuity. We hypothesize that it reﬂects a corresponding
molecular diversity as an extracellular deposit for the debris from apoptotic
chondrocytes. If so, articular cartilage is unique among human tissues for
its extracellular display of otherwise privileged intracellular antigens and
this property may explain the articular targeting of systemic autoimmune
diseases.
This work aims ultimately to characterize the constituents of the tidemark
and to determine whether one or more of them may serve as targets for
autoimmune, inﬂammatory disease.
Methods: Normal, metacarpophalangeal joints from cadavers donated
for anatomic study were examined as unﬁxed frozen, methacrylate em-
bedded, and acid-decalciﬁed/parafﬁn embedded tissue. Sections (4−8 mi-
cron) were evaluated with standard histologic stains and with indirect
immunoﬂuorescence.
Results: In this preliminary report, we add DAPI (considered speciﬁc
for DNA) and Masson Trichrome (often used for actinomyosin) to the
20 stains previously reported to recognize this distinctive band. Their
speciﬁc targets include fat, enzymes, unidentiﬁed cytoplasmic proteins,
and lectins. Many of these diverse solutes should be charge-excluded
from the highly anionic matrix of normal cartilage, but each of them
may be a chondrocytic constituent that is released upon apoptotic death.
None of the positive stains found a concurrent deposit at the nearby
interface between calciﬁed cartilage and bone, thus their presence in
the tidemark reﬂects recognition of molecular deposits rather than a
nonspeciﬁc surface effect.
Conclusions: These ﬁndings are consistent with the hypothesis that
the chondrocytes of cartilage are replaced regularly (albeit slowly) from
resident stem cells, and that they move through the matrix to an ultimate
apoptotic death. Loading forces then drive their debris downward until it
is arrested by a semipermeable barrier of calciﬁed cartilage. This deposit,
the tidemark of normal cartilage, would then be an extracellular deposit
of citrullinated, intracellular antigens that could fuel the ﬁres of those
systemic, autoimmune diseases that attack synovial joints.
208 ACUTE CHONDROCYTE DAMAGE IN HUMAN ANKLE
INTRAARTICULAR FRACTURE
Y. Tochigi, D. McCabe, J.A. Martin, M. Rudert, J.A. Buckwalter,
T.D. Brown. University of Iowa, Iowa City, IA, USA
Purpose: It has been recognized that intraarticular fractures (IAFs) typi-
cally involve acute cartilage damage, such as death/dysfunction of chon-
drocytes and disruption of interstitial matrix. This acute cartilage damage
presumably initiates a pathologic cascade leading to joint degeneration.
However, information about fracture-associated chondrocyte damage in
acute human injuries is very limited. Various rates of chondrocyte death
in fracture fragments (0 to 50%) have been reported in the literature.
Unfortunately, those data were from small fracture fragments retrieved
at open reduction surgeries, and their cartilage pathology would likely
have been modiﬁed during the duration from injury to surgery, by natural
biological responses such as by inﬂammatory cytokines. The aim of
the present study was to document cell-level cartilage pathology directly
associated with acute mechanical damage by a fracture event itself.
Methods: Two human ankles immediately following surgical amputation,
from femoral malignant tumor patients (in their 40s and 50s), were
subjected to a quasi in vivo fracture impact experiment. The specimens
were dissected at the middle of tibial shaft and the subtalar joint, and
both ends were potted into PMMA blocks. Each ankle was mounted on
a drop-tower, up-side down. The tibial shaft was secured perpendicularly
to the base plate, while the talar block was held so that ankle position
could be kept neutral. A mass with 60 joules of potential energy was then
dropped onto the ﬂat plantar surface of the talar block. Both tibial and
talar articular surfaces were sampled immediately, and stored in culture
medium for 8 hours (to permit chondrocyte death resulting from mechan-
ical damage.) These samples were subjected to viability analysis using
a confocal microscope. Staining with Calcein-AM/Ethidium Homodimer,
the superﬁcial surfaces and cross sections at several sampling points
for each ankle were scanned, and live/dead cells were counted. The
tibial sampling points were near the fracture edges and at the middle of
non-fracture area of the anterior and posterior fragments, while the talar
sampling points were at the middle of the superior talar dome surface.
Results: In both ankles, experimental IAFs occurred on the distal tibial
surface (Figure). In the tibial superﬁcial scans, appreciable chondrocyte
death (cell death rate higher than 10%) was identiﬁed at only two sites:
near a relatively severely damaged fracture edge of the posterior fragment
in Specimen #1 (Site-1, 37.1%), and at the middle of the anterior fragment
in Specimen #2 (Site-2, 15.4%). Superﬁcial cell death rates at the other
7 sites on the tibial surface were 3.0±3.6% (mean±SD), and those
measured on the talar surface were 1.1±0.2%. Cell death rates in the
cross sectional scans (including both tibial and talar data) were 4.6±4.2%.
Conclusions: Morphologically, the fractures created were very similar to
clinical pilon fractures, suggesting that the natural injury mechanism of
human ankle IAFs was reasonably replicated in this experimental model.
Inconsistency in cell death rates across surface suggests potential site-
speciﬁcity in fracture-associated cartilage damage. The overall cell death
rates in this study were much lower than those in metal-platen blunt
impact experiments ex vivo (typically >40%), implying striking difference
in the mechanisms of cartilage damage between IAFs and experimental
blunt impact injuries. Discrepancy of cell death rates, as compared with
the clinical fracture fragment data, may be associated with delayed
apoptosis and/or subsequent damage due to biological responses in
clinical IAFs.
